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Background: Ginseng (Panax ginseng Meyer) is a well-characterized medicinal herb listed in the classic
oriental herbal dictionary as “Shin-nong-bon-cho-kyung.” Ginseng has diverse pharmacologic and
therapeutic properties. Black ginseng (BG, Ginseng Radix nigra) is produced by repeatedly steaming fresh
ginseng nine times. Studies of BG have shown that prolonged heat treatment enhances the antioxidant
activity with increased radical scavenging activity. Several recent studies have showed the effects of BG
on increased lipid proﬁles in mice. In this study report the effects of water and ethanol extracts of BG on
hypercholesterolemia in rats. To our knowledge, this is the ﬁrst time such an effect has been reported.
Methods: Experiments were conducted on male Sprague Dawley rats fed with a high-cholesterol diet
supplemented with the water and ethanol extracts of BG (200 mg/kg). Their blood cholesterol levels,
serum white blood cell levels, and cholesterol-metabolizing marker genes messenger RNA (mRNA)
expression were determined. Liver and adipose tissues were histologically analyzed.
Results: We found that BG extracts efﬁciently reduced the total serum cholesterol levels, low-density li-
poprotein (LDL) levels with increased food efﬁciency ratio and increased number of neutrophil cells. It also
attenuated the key genes responsible for lipogenesis, that is, acetyl-coenzyme A (CoA) acetyltransferase 2,
3-hydroxy-3-methyl-glutaryl-CoA reductase, and sterol regulatory element-binding protein 2, at the
mRNA level inside liver cells. Furthermore, the BG extract also reduced the accumulation of fat in adipose
tissues, and inhibited the neutral fat content in liver cells stainedwith hematoxylin and eosin and oil redO.
Conclusion: Administration of BG extracts to Sprague Dawley rats fed with high-cholesterol diet
ameliorated hypercholesterolemia, which was mediated via modulation of cholesterol-metabolizing
marker genes. This data throw a light on BG’s cardioprotective effects.
Copyright 2015, The Korean Society of Ginseng, Published by Elsevier. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
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Table 1
Food efﬁciency ratio
Group Food intakes
(g/d)
Body weight
gain (g/d)
Food efﬁciency
ratio (%)
Vehicle 19.95 4.44  0.15 22.23  0.75
Control 23.51 5.55  0.34 23.62  1.43
Lovastatin (20 mg/kg) 23.58 5.40  0.56 22.89  2.38
BG_water (200 mg/kg) 23.38 5.51  0.72 23.59  3.07
BG_EtOH (200 mg/kg) 22.47 4.94  0.24 21.98  1.05
Sprague Dawley rats were supplementedwith a high-fat diet and black ginseng (BG)
extracts for 4 wk and after completion of the experimental period, the food efﬁ-
ciency ratio (FER) was calculated as follows: FER¼ (food intake/body weight
gain)  100.
EtOH, ethanol.
E. Saba et al / Antihypercholesterolemic activity of BG 161lipoproteins (LDLs), stroke, and cerebral infarctions [1,2]. Diet-
related chronic diseases such as type 2 diabetes, cardiovascular
diseases, several types of cancer, and increased morbidity and
mortality can be attributed to obesity and overweight. In general,
obesity occurs due to an imbalance between energy intake and
energy output. An imbalance in this ratio results in accumulation of
fat inside adipose tissues and elevated LDLs inside blood and other
fat-accumulation organs [3]. Although allopathic drugs provide a
quick relief and show rapid effects for mitigating cardiovascular
anomalies, their serious side effects cannot be ignored. Therefore,
increasing attention is paid to utilizing natural products for alle-
viation of these chronic diseases.
Ginseng and ginsenosides have been studied for a long time for
their therapeutic effects on body vitality, the immune system,
various types of cancer, inﬂammatory anomalies, nervous system
disorders, reproductive system functioning, and cardiovascular
diseases. Studies in the past have demonstrated ginseng’s potent
suppressing effects on in vitro pancreatic lipase activity as well as its
ability to reduce obesity and plasma lipid proﬁle in rodents fedwith
high-fat diet [4,5]. Here our compound of interest is black ginseng
(BG). BG is prepared from rawginseng by steaming it nine times at a
high temperature for approximately 3 h up to the point where it
becomes black. At this point, the BG possesses better qualities than
red ginseng, including better anti-inﬂammatory, antimetastatic,
and antioxidant effects [6]. This pharmacologically active agent has
been studied for many aspects previously, however, its effects on
hypercholesterolemia have not yet been studied in detail. We used
both water and ethanol extracts of BG in this study. Because the
ethanol extract has already been identiﬁed for its therapeutic ef-
fects, we aimed to investigate the effects of the water extract.
Herein, we report for the ﬁrst time the amelioration of hypercho-
lesterolemia in high-cholesterol-fed rats by the water and ethanol
extracts of BG. Our results show that the water and ethanol extracts
of BG effectively lowered the total serum levels of cholesterol. It
also increased the food efﬁciency ratio (FER) as well as the differ-
ential white blood cell (WBC) count. The key gene markers for fat
metabolism such as acetyl-coenzyme A (CoA) acetyltransferase 2
(ACAT2), sterol regulatory element-binding protein 2 (SERBP2), and
3-hydroxy-3-methyl-glutaryl-CoA reductase (HMG-CoAr) wereAge in wk
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Fig. 1. Effects of black ginseng (BG) supplementation on body weight. Experimental
rats were fed with normal chow rat diet, high-cholesterol diet, high-cholesterol diet
supplemented with lovastatin (LOVA), high-cholesterol diet supplemented with water
extract of black ginseng (200 mg/kg, BG_water), and ethanol extract of black ginseng
(200 mg/kg, BG_ethanol) for 4 wk. Weight gain after 4 wk is expressed in grams.
Values are expressed as mean  standard deviation (n ¼ 4). EtOH, ethanol.also reduced by the BG extract at the messenger RNA (mRNA)
levels. Moreover, the histopathological images also show reduction
in fat accumulation in liver and adipose tissues. Therefore, in a
nutshell, BG appears to be a promising antihypercholesterolemic
agent.
2. Materials and methods
2.1. Sample preparation
Black ginseng (BG) was prepared according to the procedures
described in previous reports, but with some minor modiﬁcations
[7,8]. In brief, the BG sample was ground in a cutting mill to pass
through a 50-mesh sieve to obtain a ﬁne powder and then
extracted in 10-times volume of distilled water or 50% ethanol (V/
W) at 80C for 8 h in a water bath. It was then extracted again in
seven-times volume of distilled water at 80C for 8 h, which was
repeated once more (third-time extraction). The total extract so-
lutionwas ﬁltered through a ﬁlter paper (medium fast: CHM F1001,
CHMLAB GROUP, Barcelona, Spain). The ﬁltrate solution was then
concentrated in a low-vacuum evaporator at 60C, and the water
extract (water content 34.45%) and ethanol extract (35.55%) were
prepared as the test samples.
2.2. Animals and experimental diets
Male Sprague Dawley rats, 8-wk-old, were obtained from Cen-
tral Lab Animal Inc. (Seoul, Korea) and housed in standard condi-
tions with free access to chow and water. All animals were
acclimated for 1 wk before use. All in vivo experiments were con-
ducted in accordance with internationally accepted guidelines in a
speciﬁc pathogen-free facility, and the protocols were approved byTable 2
Mean liver and kidney weights
Group Liver (mean  SEM) Kidney (mean  SEM)
Vehicle 11.75  0.48 2.80  0.11
Control 22.06  0.49 2.96  0.12
Lovastatin (20 mg/kg) 22.07  0.78 2.87  0.04
BG_water (200 mg/kg) 20.40  1.44 2.66  0.11
BG_EtOH (200 mg/kg) 19.25  0.36 * 2.50  0.07 *
The values presented were obtained after the experimental 13-wk period. The dry
weight of the liver and kidney is signiﬁcantly (* p< 0.01) reduced by treatment with
the ethanol (EtOH) extract of black ginseng (BG). Values are presented as
mean  standard deviation (n ¼ 4).
SEM, standard error of the mean.
J Ginseng Res 2016;40:160e168162the Institutional Animal Care and Use Committee of Daejeon Uni-
versity (Daejeon, Korea). Rats were fed a pelletized chow diet for 1
wk and according to diet and treatment with BG extracts, theywere
randomly divided into ﬁve groups (n ¼ 5 in each group). The ﬁrst
groupwas given normal chow diet with only vehicle treatment. The
second group was considered the negative control group and was
given only cholesterol diet. The remaining three groups were given
high-cholesterol diet and treated with lovastatin (20 mg/kg; LOVA),
water extract of BG (200 mg/kg, BG_water), and ethanol extract of
BG (200 mg/kg, BG_ethanol). The efﬁcacious dose of water and
ethanol extracts of BG (i.e., 200 mg/kg) was chosen based on the
reports of previous studies indicating this dosage exerts sufﬁcient
anti-inﬂammatory and antioxidant effects [6]. The composition
of the experimental diet was according to Paigen atherogenic ro-
dent diet (D12336; Research Diets, Inc., NJ, USA) [9]. Rats were
provided access to food and water ad libitum during the 4-wk study
period.
2.3. Blood biochemical analysis
At the end of 4 wk, all rats were killed and serum samples were
collected after overnight fasting. Fresh whole blood was taken
directly from the heart of animals into tubes containing 18 mg of
EDTA (for whole-blood hematology) and sodium heparin (for
plasma fraction). An automatic hematology analyzer (Sysmex XE-
2100D; Sysmex Corporation, Kobe, Japan) was used to perform a* *
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Fig. 2. Attenuation in the levels of total cholesterol and low-density lipoproteins (LDLs)
cholesterol diet (negative control), high-cholesterol diet with lovastatin (LOVA), high-cho
cholesterol diet with ethanol extract of black ginseng (200 mg/kg, BG_ethanol). (A, B)
decreased with the water and ethanol extracts of BG. Bar graph is mean  standard deviatio
and B, * p values < 0.05 are considered statistically signiﬁcant when compared with controcomplete blood cell count on each blood sample, which included
obtaining platelet counts, WBC counts, and WBC differential
counts. Total cholesterol (TC), high-density lipoproteins (HDLs),
LDLs, triglycerides, and creatinine levels were analyzed using the
enzymatic method (FUJI DRI-CHEM 4000i, FUJIFILM, Tokyo,
Japan).2.4. Histological analysis
The liver, kidneys, and adipose tissues were ﬁxed overnight in
10% formalin solution, dehydrated, embedded in parafﬁn, and cut
into 5-mm sections. Cross sections of these tissues were stained
with hematoxylin and eosin (H&E) and oil red O.2.5. RNA extraction and real-time polymerase chain reaction for
liver tissues
For the mRNA expression of ACAT2, SERBP2, and HMG-CoA,
total RNA was extracted from the liver tissues using TRIzol re-
agent (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s
instructions and as previously described, but with little modiﬁ-
cations [10]. In brief, 1 mL TRIzol reagent was added to 100 mg of
the liver sample and the tissues were homogenized using a power
homogenizer. The samples were then incubated at room temper-
ature for 5 min to permit complete disassociation of nuclear* *
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by the black ginseng extract. Rats were fed with normal chow diet (vehicle), high-
lesterol diet with water extract of black ginseng (200 mg/kg, BG_water), and high-
The total cholesterol levels and LDLs cholesterol levels of serum are signiﬁcantly
n. (C) The serum high-density lipoprotein (HDL) levels remain unchanged. In panels A
l only. BG, black ginseng.
E. Saba et al / Antihypercholesterolemic activity of BG 163proteins. The remaining steps were carried out as described pre-
viously [10].
2.6. Statistical analysis
The results were presented as the mean  standard error of the
mean. One-way analysis of variance followed by Dunnett t test was
used for statistical analysis. SAS 9.3 (SAS institute Inc, Cary, NC,
USA) was used for statistical analysis. All p values< 0.01 and< 0.05
were considered statistically signiﬁcant.
3. Results
3.1. Effects of BG extract on body weight, FER, and organ weights
The effects of BG during the experimental procedure are shown
in Fig. 1 and Tables 1 and 2. Upon supplementing high-cholesterol
diet to the animals, there is an increase in body weight from
approximately 250 g to 400 g, which decreases following treatment
with lovastatin and water extract of BG. The FER increases signiﬁ-
cantly when using the water extract of BG up to 23%, indicating that
BG extracts have positively increased the energy output in accor-
dance with the input content of feed. The mean liver and kidney
weights are signiﬁcantly reduced following treatment with BG
extracts.0
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Fig. 3. Elevation of differential white blood cell (WBC) count by black ginseng (BG) extra
plemented with lovastatin (LOVA), high-cholesterol diet with water extract of black ginseng
(200 mg/kg, BG_ethanol). On the 4th wk, the blood was withdrawn from rats and analyzed. (
(C) WBC differential count, however, showed a signiﬁcant increase in neutrophils by per
statistically signiﬁcant.3.2. BG extracts lowered the levels of TC and LDL in serum
The TC and LDL levels are the markers for increased accu-
mulation of harmful cholesterol in the body. As can be seen from
Figs. 2A and 2B, BG extract has signiﬁcantly lowered the levels of
TC and LDL cholesterol from the serum, indicating that this
extract exhibits outstanding antihypercholesterolemic proper-
ties. However, its effect on the HDL level was insigniﬁcant
(Fig. 2C).
3.3. Blood analysis
As shown in Fig. 3A, the BG extract increased the levels of whole
WBC counts, compared with the negative control. However, no
change was observed in the levels of platelet count in any of the
groups except the vehicle-treated group (Fig. 3B). In the case of
differential WBC count (Fig. 3C), there was a remarkable increase in
the levels of neutrophils in the group treated with the water extract
of BG, compared with the negative control group.
3.4. Attenuation of ACAT2, HMG-CoAr, and SERBP2 mRNA levels by
BG extracts
ACAT2, SERBP2, and HMG-CoAr are considered the hallmark
genes and regulators for cholesterol metabolism inside liver cells.0
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cts. Rats were experimentally fed a normal chow diet and high-cholesterol diet sup-
(200 mg/kg, BG_water), and high-cholesterol diet with ethanol extract of black ginseng
A, B) The number of platelets and whole WBC count showed no statistical signiﬁcance.
centage. Bar diagram is mean  standard deviation (n ¼ 4). *p < 0.05 is considered
J Ginseng Res 2016;40:160e168164Their respective levels indicate the amount of cholesterol being
formed and stored inside hepatocytes. From Figs. 4Ae4C, it can be
seen that the BG extracts signiﬁcantly diminished the levels of
these aforementioned genes when compared with the house-
keeping glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
gene.3.5. Histological effects of BG extracts on liver and adipose tissue
The BG extract attenuated the accumulation of cholesterol in
hepatocytes, compared with negative control cells (Fig. 5A).
Similarly, following oil red O staining for liver sections, we
observed that the negative control showed intense excessive red
staining, compared with that of the BG extracts-treated groups in
which the staining intensity was more close to that of the vehicle-
treated group (Fig. 6). Using H&E staining for adipose tissue
(Fig. 7), there is an increase in the size of cells in the negative
control group, compared with that of the BG extracts-treated
group in which the size of cells and accumulation of cholesterol
are close to the normal vehicle-treated group. These histological
data are in close conformity with BG’s antihypercholesterolemic
effects.*
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Fig. 4. Inhibition of acetyl-coenzyme A (CoA) acetyltransferase 2 (ACAT2), 3-hydroxy-3-meth
expressions at the messenger RNA level. For evaluating the expressions of these three cho
reagent following manufacturer’s instructions. Reverse transcription was carried out in a the
analyzed by BIO-RAD CFX96 real-time system. (AeC) Signiﬁcant decrease in these gene m
experiments. Values are mean  standard deviation. * p < 0.05 and ** p < 0.01 are considere
phosphate dehydrogenase.4. Discussion
The risk of accumulation of excessive cholesterol inside the
body and cardiovascular diseases is a serious concern for health
professionals all over the world in the 21st century [11]. Ginseng
has long been used for the treatment of heart failure and to pro-
tect against tissue damage under cellular and environmental stress
without any side effects [5]. Therefore, in nutshell, several studies
were carried out on the cardioprotective effects of ginseng.
However, little is known about the effect of BG on
hypercholesterolemia.
Although one previous report has indicated the antiobesity
effects of ethanol extract of BG in mice [7], we have demonstrated,
in this study, the antihypercholesterolemic effects of water and
ethanol extracts of BG in rats with particular explanation in
relation to mRNA expressions of genes that are speciﬁc to
cholesterol metabolism and histological staining of the adipose
tissue. In this study, we found that both water and ethanol ex-
tracts of BG decreased the TC and LDL cholesterol levels of serum
(Figs. 2A and 2B). However, the HDL cholesterol levels of serum
remain unaffected. It indicates that BG extract can efﬁcaciously
reduce the levels of “bad cholesterol” (LDL cholesterol) inside a rat
model of hypercholesterolemia. With the administration of BG*
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yl-glutaryl-CoA (HMG-CoA), and sterol regulatory element-binding protein 2 (SERBP2)
lesterol metabolic markers, total RNA was extracted from the liver tissue using TRIzol
rmocycler (Biometra). For evaluation of expression of genes, complementary DNA was
arkers for cholesterol is observed. Bar graphs are representative of four independent
d statistically signiﬁcant when compared with control only. GAPDH, glyceraldehyde-3-
E. Saba et al / Antihypercholesterolemic activity of BG 165extract at a dose of 200 mg/kg, there was an observable increase
in body weight gain and FER (Fig. 1; Table 1). The increase in FER
indicates that the BG extract helped in metabolizing energy and
increasing the output. With regard to the white blood differential
count, there was a remarkable increase in the number of neu-
trophils with BG extract (Fig. 3C). Rats treated with the ethanol
extract of BG showed a signiﬁcant decrease in mean liver and
kidney weights (Table 2). The increase in weights of the liver and
kidneys in this case would imply the accumulation of LDLs inside
the fat-accumulating cells, which was ameliorated by the BG
extract.
ACAT2 is the most preferred target for studies related to hy-
percholesterolemia and coronary heart diseases. ACAT2 deletionFig. 5. Histological changes in liver brought about following treatment with black ginseng
tissue (high-cholesterol-treated rats), “C” refers to lovastatin with high-cholesterol-diet-
cholesterol diet rats (200 mg/kg, BG_water), and “E” refers to black ginseng ethanol-treat
inside the BG-treated groups is less than that of the negative control group. Arrow in imagcauses lowering of lipoproteins inside the body [12,13]. In this
study, we found the ACAT2 expression was signiﬁcantly down-
regulated in murine hepatocytes when compared with GAPDH as a
housekeeping gene (Fig. 4A). HMG-CoAr is a rate-limiting step for
the cholesterol synthesis pathway [14,15]. This enzyme is also a
potent target for lovastatin, a predominant drug for atherosclerosis
and hyperlipidemia; in fact, lovastatin is also called “HMG-CoA
reductase inhibitor” [16]. The BG-treated groups in our experi-
ments represent a signiﬁcant lowering of the mRNA expressions of
HMG-CoAr inside liver cells (Fig. 4B). There is a pair of transcription
factors termed “SREBPs” that are important for biosynthesis of
cholesterol and its uptake from plasma LDL [17]. Research has
suggested that SREBP is increased in normal conditions; however,(BG) extracts. “A” refers to normal vehicle-treated tissue, “B” refers to negative control
treated rats (LOVA), “D” refers to water extract of black ginseng-treated and high-
ed and high-cholesterol-fed diet rats (200 mg/kg, BG_ethanol). The fat accumulation
e b indicates the accumulation of fat in hepatocytes.
J Ginseng Res 2016;40:160e168166with lovastatin treatment the SERBP2 levels are degraded [18].
Similarly, our ﬁndings have shown that BG extracts reduced the
levels of SREBP mRNA inside the liver (Fig. 4C).
Prolonged access of mice to a high-fat diet culminates in
increased liver mass, hepatic steatosis, and hyperlipidemia [7,19].
The H&E staining for liver parenchyma showed less alteration in
the central vein and sinusoidal spaces compared with that of
positive control hepatocytes where there is increase in the size of
cells due to fat accumulation, indicating steatohepatitis (Fig. 5).
The oil red O staining of adipose cells in the liver is also less
intensiﬁed for positive control cells with maximal accumulation of
cholesterol, indicating steatosis in liver cells (Fig. 6). For the H&E
staining of adipose tissues, it is clearly demonstrated that the size
of fat cells in the BG-treated groups is near to normal when
compared with that of positive control cells in which fat cells areFig. 6. Histological changes in liver brought about by Black Ginseng (BG) extracts. The live
treatment groups in Fig. 5. The intensity of red color in BG treated groups is less as compa
intensive red areas.highly accumulated with cholesterol as depicted by increase in the
size of cells (Fig. 7).
In conclusion, the administration of BG extracts in Sprague
Dawley rats with high-cholesterol diet lowered the LDLs choles-
terol levels, caused an elevation in the serum triglyceride levels,
and increased the food efﬁciency. Moreover, with respect to the
liver metabolic marker genes, the mRNA expressions of ACAT2,
SREBP 2, and HMG-CoAr were inhibited by ethanol and water ex-
tracts of BG. The histological changes brought about by the high-
cholesterol diet in liver and adipose tissues were reverted by the
BG extracts, as conﬁrmed by the H&E and oil red O staining results.
From this ﬁrst report on the hypercholesterolemic effect of ethanol
and water extracts of BG in rats, it can be concluded that these
extracts may be studied in the future as a functional food for
various cardiovascular-related anomalies (Figs. 6 and 7).r parenchyma was stained with Oil Red O. AeE images refer to the above elaborated
red to negative control group. Encircled portion indicates the fat accumulated stained
Fig. 7. Histological changes in adipose tissue brought about by Black Ginseng (BG) extracts. The adipose tissue was stained with hematoxylin & eosin (H&E). AeE images correspond
to the above mentioned description in Fig. 5. The increased size of adipose tissue corresponds to the increased fat accumulation due to high fat diet. Arrow indicates the increased
cell size due to fat accumulation.
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